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Methods
18	nm	AuNPs were	synthesized	using	a	citrate	reduction	of	
gold	(III)	chloride	(HAuCl4)	and	then	analyzed	via	UV-Vis	
spectroscopy	(figure	3)	and	SEM	(figure	4).
The	absorption	peak	at	around	530	nm	shows	that	the	
LSPR	are	in	the	ideal	range	to	be	excited	by	a	532	nm	laser.	
The	SEM	images	shows	that	the	NP	diameter	is	close	to	the	
target	18	nm.
The	RuAuNPs were	synthesized	using	ruthenium	
chloride	(RuCl3)	and	the	synthesized	18	nm	AuNPs,	
then	analyzed	via	SEM	(figure	5)	and	EDS	(figures	6A	
and	6B).
Conclusion
The	SEM	and	EDS	images	of	the	18	nm	AuNPs and	the	
RuAuNPs show	that	the	synthesis	procedures	were	
accurate	in	producing	the	target	diameter;	however,	the	
segregation	of	ruthenium	and	gold	rather	than	a	uniform	
layer	show	that	shells	around	the	AuNPs were	not	
achieved.	The	RuAuNP synthesis	was	being	tuned	for	
better	coverage,	but	experimentation	stopped	after	going	
online.	We	hope	to	optimize	the	RuAuNP synthesis	and	
begin	testing	reactivity	via	CO	oxidation.
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Figure	5. SEM	
image	of	RuAuNP
sample	synthesized	
on	01/15/2020.	
200	nm	bar	at	
bottom	left	shows	
scale.
Background
Gold	nanoparticles	(AuNPs)	are	potentially	effective	
photocatalysts due	to	their	strong	localized	surface	
plasmon resonances	(LSPR).	LSPRs	are	the	oscillations	of	
the	electron	bath	excited	by	light	at	the	surface	of	the	
nanoparticles	(NPs).	The	LSPR	decay	into	excited	electrons	
that	can	occupy	excited	states	when	radiated	with	light	
(figure	1).
Excited	states,	such	as	antibonding	orbitals,	are	
destabilizing	when	occupied	by	electrons.	Electron	
occupation	of	destabilizing	antibonding	orbitals	can	be	
facilitated	by	introducing	a	transition	metal	shell	to	the	
core	NPs (figure	2).	
Ruthenium	was	used	in	this	experiment	to	create	bimetallic	
ruthenium-gold	nanoparticles	(RuAuNPs).	The	size	and	
elemental	composition	of	the	synthesized	RuAuNPs were	
assessed	using	a	scanning	electron	microscope	(SEM)	and	
energy	dispersive	X-ray	spectroscopy	(EDS).
Figure	3. UV-Vis	
absorbance	
spectrum	of	18	
nm	AuNP solution	
synthesized	on	
01/14/2020
Figure	2. The	d-band	orbital	of	transition	metal	Ruthenium	(Ru)	
facilitating	the	transfer	of	bonding	orbital	electrons	to	oxygen	
anti-bonding	orbitals.	Figure	from	LaRue et	al.1
Figure	1. Excited	electrons	are	created	at	the	surface	
of	the	AuNP and	transferred	to	the	antibonding	
orbital	of	the	reactant.	Figures	courtesy	of	Dr.	LaRue. Figure	4. SEM	image	
of	18	nm	AuNP
solution	synthesized	
on	01/14/2020.	200	
nm	bar	on	bottom	
left	for	scale.
Figure	6A. EDS	Image	of	RuAuNP ID:	2020.01.15-1	showing	Au	in	
gold,	Ru	in	red,	and	C	in	dark	blue.
Figure	6B.	EDS	pie	
chart	showing	the	
percentage	of	Au	
and	Ru	with	respect	
to	the	graphene	
substrate.
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